A sustainability matrix has been developed at Shell Global Solutions to show the environmental, social, and economic impacts of a product. The approach aims to be quicker and more cost-effective than a conventional life-cycle assessment by focusing on speci c areas of concern through the product life cycle and then comparing products by scaling their impacts relative to one another. It provides a way of making qualitative and quantitative assessment that gives a depth to the assessment beyond data analysis. The tool includes subjective judgment, which tends to re ect current thinking in the company. Once the tool has been fully tested on all product types, the indicators that are central to the process will be assessed by external stakeholders. This article describes the development of the sustainability assessment tool and presents an example that compares the sustainability of a biolubricant (an "environmentally acceptable" hydraulic uid meeting Swedish Standard SS 15 54 34) with that of a conventional mineral-oil-based product. The tool provides a quick decision-making instrument to help Shell decide which products should be marketed for the business to continue on a sustainable path. The tool also provides a more detailed level of information if a more thorough assessment is necessar y.
Introduction
Central to the practical application of the ideas of sustainability is the provision of goods and services not only for those living but also for generations yet to come. These goods and services are key to both peoples' standard of living and the health of the environment. In our society, companies play a major role in this task. In undertaking their work, companies are under more pressure to demonstrate that they are more aware of the environmental, social, and economic consequences of their actions than has traditionally been the case.
The Organisation for Economic Cooperation and Development (OECD) and the Biomass Research and Development Technical Advisory Committee have identi ed the importance of biobased materials in the future of industry (OECD 1998; BRDTAC 2002) . They are seen as having clear advantages and being economically competitive in a growing number of industrial sectors. The use of biobased materials may enable reduction of material and energy consumption, pollution, and waste generation for the same level of industrial production. Potentially signi cant rewards are available for companies who understand and implement these reductions by developing products and services with lower environmental impact ahead of their competitors. 1 A business strategy that includes environmental management can provide new product markets and opportunities for new relationships between customers and suppliers that can be a source of competitive advantage.
Life-cycle assessment (LCA) is a tool that can be used for assessing products for their environmental impact from "cradle to grave"; however, LCA is often cumbersome, expensive to perform, and designed to measure primarily resource use and environmental impact with no allowance for qualitative analysis. The sustainability assessment tool that has been developed and is described in this article uses a streamlined LCA approach but includes social and economic impacts in the assessment process.
Indicators of Sustainable Development
Indicators are a key tool for encouraging progress toward sustainable development (SD). To be effective, they must communicate useful information that enables situations to be understood and decisions to be made (MacGillivray and Zadek 1998).
Indicators are signs or signals of complex events and systems. They are bits of information pointing to characteristics of systems or highlighting what is happening. (Hardi et al. 1997, 8) SD is dif cult to de ne. It is similar to concepts such as justice, style, poverty, and democracy: It means different things to different people. An indicator is simply a measure to make understandable something that is considered important (Warburton 1998) . Just as different members of society conceive of SD differently, the values that underpin the selection and evaluation of indicators also differ between individuals. Because SD is based on values within society, it cannot be described using purely objective scienti c theory, and it must be recognized that there is not necessarily an end point or a rightor-wrong way to approach sustainability. Any set of SD indicators, however, must cover the environmental, social, and economic impacts of a process or product and consider inter-and intragenerational equity. A great deal of work is available on the development of indicators, particularly by Meadows (1998) , Fiksel and colleagues (1998) , and Azapagic and Perdan (2000) . This article goes beyond development to explore effective application for strategic product evaluation.
Sustainability Assessment
The sustainability assessment tool is not designed to replace the LCA process. LCA was developed to study the resource use and environmental impacts of a product; the sustainability tool has been developed to show the environmental, social, and economic impacts of a product. It does this by focusing on the key impacts a product has from a life-cycle perspective and compares products by scaling their impacts relative to one another. A comparison allows quantitative and qualitative data to be interpreted within one method of analysis. The sustainability tool aims to be quicker by focusing on speci c areas of concern through the product life cycle, and so it provides a more cost-effective, systemsbased, and pragmatic product assessment.
The format of the tool is a semiquantitative matrix. The inclusion of qualitative and quantitative information allows for a wealth of data to be included in the analysis. The use of swing weighting, or scaling, allows interpretation of the data without conversion into one type of measure, such as functional units based on number of working hours or CO 2 equivalents. Instead, many functional units can be used that are speci c to each indicator. The drawback is that the process involves a value judgment that links the impacts of the two products and heavily in uences the outcome of the comparison.
Assessment begins by establishing the objective of the assessment and listing the assumptions applied in analyzing the products. The life cycle is then developed and key stages, the points where the products have different processes, are identi ed. The areas where scaling is not appropriate are identi ed (they usually are shown as gray boxes in the sustainability matrix). Some indicators are not analyzed because they do not apply to a particular product type.
Development of Indicators
The process of indicator development began by establishing what SD meant in terms of Shell's organization and products. The company's business practices are underpinned by seven SD principles that guide decision making. None are new to the way Shell operates, but taken together they help demonstrate where Shell tries to achieve a balance between short-and long-term goals. The principles are generating robust profitability, delivering value to customers, protecting the environment, managing resources, respecting and safeguarding people, bene ting communities, and working with stakeholders (Royal Dutch/Shell Group of Companies 2003). These principles were the basis for the development of indicators that were chosen to re ect how Shell's products contribute to achieving these corporate goals.
The sustainability indicators were developed during an empirical study that involved an analysis of Shell's Swedish lubricants product portfolio. Focus was placed on Sweden because it was seen as having the most stringent laws regarding sustainability issues (Lindgren 2002) . A cross section of product types was investigated, including food-grade lubricants, metalworking uids, and hydraulic uids. This ensured that the indicators were developed to re ect the environmental, social, and economic effects of all product types. An initial list of nine indicators was compiled to re ect the statements regarding the meaning behind SD for the company and the products.
The key to product indicator development was to ensure that the indicators were presented in a clear format that was as simple as possible. The indicators were designed to be used internally and externally in a number of countries and were grouped into environmental, social, and economic concerns. The initial indicators developed are highlighted in bold in the full set of indicators (see list below). Focusing attention on individual concerns in addition to the corporate principles was important, and so the initial indicators were taken to Shell Oil Products's global and product managers for their comments and feedback regarding how acceptable the initial nine indicators were. At this early stage, it was not possible to discuss the indicators with all interested stakeholders. Therefore, the global and product managers were approached as the principal users of the tool and because they hold a close relationship to Shell customers (a major stakeholder group). The intention is to test the indicators with wider external stakeholder groups when the process has been tested on all product types offered by Shell. The global and product managers were seen as providing the most valuable insight regarding the right indicators to include. This led to a number of additional indicators being identi ed that help the managers in decision making regarding the future of their products. Interestingly, the economic indicators are fewest in number; this re ects the fact that to a certain extent the economic operation of petroleum products is assured. Therefore, on an individual product basis, few economic indicators were selected because if a product were notnancially viable, it would not be marketed. Also, there was a desire to move away from the focus on economic analysis of products and look toward socioeconomic impacts of employment and training. A number of indicators in the social category can be linked to economic impacts, including reduced employment as a result of the introduction of the product and the need for employee training. The greatest impact of the petroleum industry arises in the environmental arena because the industry is based on a nonrenewable resource, raising concerns about intergenerational equity. Therefore, a considerable number of indicators were proposed to re ect environmental impact, particularly regarding avoiding the use of nonrenewable resources.
A series of questions were developed to accompany each indicator to help in the datagathering process. The environmental indicators were selected to demonstrate how the existence and use of a product could impact the surrounding natural resources. The questions for the indicator relating to environmental fate and effects include focus on the type and amounts of additives, base and used oil that are required or produced, and toxicity. Biodiversity reduction and by-product utility indicators only apply to a comparison for the introduction of a plant-based product and relate to the raw materials' life-cycle stage.
The social category includes indicators that depict the effect of the product on stakeholders. A stakeholder is de ned here as an individual who can affect or be affected by the use of a product. The social indicator "perceived risk" focuses on public perceptions. This is taken to be in uenced by how the product is marketed, the company image, and publicized accidents. "Impacts of changed usage behavior due to characteristics of the product" re ects whether the more environmentally acceptable products are used more liberally because users are aware they are not as damaging to the environment as traditional products. The indicator related to restriction on product availability is another example of an indicator being relevant for certain product types. It focuses on products that are not readily available in the marketplace because of legislation or limited introduction: Less available products are less sustainable from a business perspective.
On the list of economic indicators, the cost of labor is included to re ect both the size and quality of the labor force employed. Some products may require better-trained or -quali ed chemists and engineers at certain points within the life cycle. The indicator related to likelihood of reduced performance brings into the assessment aspects of performance loss that can occur, for example, when some biobased materials are used as base uids in lieu of mineral oils. The effect of stakeholder intervention on business fo- cuses on identifying the impact to the business as a whole if there is an incident involving the public perception of one product. For example, a major incident involving petroleum would have a signi cant impact on the business; the impact of an incident involving an environmentally acceptable product would be less signi cant. The more likely a stakeholder intervention is, such as product boycotting, the less sustainable the product.
Scaling of the Indicators
The aim of the tool is to compare products relative to one another on a sustainability scale. The scale is demonstrated in table 1 and is based on a score from 0 to 5, from more to less sustainable. Indicators re ecting unsustainability provide a goal to work toward and help focus attention on the obstacles that need to be overcome to reach sustainability. The worse the environmental, social, or economic impact, the higher the indicator impact scores.
To scale an indicator, it is necessary to consider the best and worst possible cases for that particular impact, product type, and life-cycle stage. For instance, considering the scaling for the "use of the nonrenewable materials" indicator, a conventional mineral-oil-based hydraulic uid is given a score of 5 because the base uid (the bulk of the product) is produced from nonrenewable feedstock. This presents the worstcase scenario; the best would be a uid that could be produced from 100% renewable materials. Although this may not be possible using today's technology, 100% renewable feedstock may be realized in the future and so should be considered in setting the score. In contrast to the mineraloil-based uid, the environmentally acceptable hydraulic uid is given a score of 2 because it is based on synthetic esters that contain about 50% renewable material (vegetable fatty acids). The nal sustainability assessment report for the two products would contain these scores as well as quantitative or qualitative data. The maximum level of quantitative data is presented wherever possible.
After indicators are assigned scores, the scores are summed within each indicator category (i.e., environmental, social, and economic). These sums are then converted to a percentage of the least sustainable case possible (if the product had scored 5-most unsustainable -for every indicator). This "percentage of total unsustainability" is the unsustainability score for each of the categories. The two products are compared by calculating the difference between the unsustainability scores. The differences are called the "sustainability scores." The calculation process is explained most clearly through an example.
Product Comparison: MineralOil-Based Hydraulic Fluid versus Environmentally Acceptable Hydraulic Fluid
Hydraulic power is used in applications such as manufacturing, mobile construction equipment, tunneling, transport, and mining. It enables heavy loads to be moved with power and precision. Hydraulic uids are lubricants that transmit uid power and protect the system's components from corrosion and wear. After automotive lubricants, hydraulic uids are the next most widely used group of lubricants and account for about 11% of the total worldwide lubricant consumption of about 37 MMT 3 per year (Mang 2001) . Hydraulically operated machines often operate in environmentally sensitive areas such as forests, inland and coastal waters, and water catchment areas. As these systems operate under high pressures with high ow rates (e.g., 200 bar pressure 4 and 375 L/minute ow 5 ), damage to exposed hoses and cylinders or leaks can release large amounts of hydraulic uid into the envi-ronment. As a result, many manufacturers have developed hydraulic uids that have a reduced environmental impact in the event of a spill, and standards and speci cations have been developed to de ne such a uid. These products are called "biodegradable" or, more accurately, "environmentally acceptable" hydraulic uids. 6 Such products are characterized by having high biodegradability and low environmental toxicity (eco-toxicity) and typically containing a high proportion of renewable raw materials. The generic term for this product group is "biolubricants," and about 40,000 metric tons per year are sold in the European Union and approximately the same amount in the United States.
The majority of hydraulic uids currently in use are a petroleum-derived mineral oil base uid augmented with a variety of performanceenhancing additives. The typical composition of a standard mineral oil hydraulic uid is shown in gure 1, together with a summary of each additive's function. One can see that the main component is the base uid. Of the additives, the largest fraction is usually the antiwear agent, which provides protection to the metal surfaces during moving contact. The most widely used antiwear additives are based on zinc dialkyldithiophosphates. Environmentally acceptable hydraulic uids differ from the type of product shown in gure 1 in three main ways:
The base uid is not mineral oil but biodegradable synthetic esters and/or vegetable oils that normally contain a signi cant proportion (50% to 100% w/w [weight per weight]) of renewable raw materials The formulated uid requires a higher proportion of additives (2% to 5% w/w) to achieve the required performance The additives have low eco-toxicity and do not contain heavy metals such as zinc (socalled ashless additives) The higher cost of both the base uid(s) and ashless additives means that environmentally acceptable hydraulic uids are usually more expensive than conventional mineral-oil-based uids
Additive Functions
Antiwear additives form a protective layer on metal surfaces to reduce friction and wear, particularly in heavily loaded contacts where the lubricating oil lm is interrupted by the surface asperities of the metal-to-metal contact. Corrosion inhibitors protect metal surfaces from attack by water and other contaminants (e.g., antirust additive). Antioxidants are additives that extend base uid life by reducing its rate of oxidation. Pour-point depressants lower the temperature at which the uid ows (important in cold starting). Copper passivators are additives that protect copper surfaces and prevent the solubilization of copper ions (these would catalyze the oxidation of the base uid). Other additives include an antifoam additive that minimizes foaming (excessive foaming reduces the ef ciency of the hydraulic system and can cause pump damage through cavitation). A more detailed description of additive function and chemistry can be found in the work of Mang (2001) .
In this study, we compare the sustainability of two hydraulic uids: a conventional mineral-oilbased product and an environmentally acceptable uid that meets the stringent Swedish Standard 15 54 34 requirements for biodegradability and low eco-toxicity (Swedish Standards Institute 2003). Both products are International Standards Organization (ISO) viscosity grade 46, antiwear hydraulic uids that are marketed worldwide. The aim was to assess whether the environmentally acceptable uid was more or less consistent with the concept of sustainability.
Initially data were collected on the following:
Composition Type of additives (and amounts used) Eco-toxicological properties (e.g., biodegradability, aquatic toxicity) Performance data, service life Disposal methods By-products from processes Level of emissions (during manufacture and use)
In addition, a life-cycle ow diagram for each uid was produced. This showed that in many instances, differences between the products in various stages of the life cycle were negligible. For example, the transportation of raw materials and nished product, storage, and hydraulic system production were all similar. Therefore, these stages were not included in the sustainability comparison, and this helped to streamline the process. The purpose of the matrix is to highlight to decision makers the life-cycle stages where the worst impacts occur to show where attempts should be made to reduce them. Product and technical managers for the products were involved throughout the process to ensure all relevant life-cycle stages and key impacts were included.
For a hydraulic uid, the life-cycle stages of raw materials, production, and use were seen as being distinct for the two products. The boundary conditions in this study were as follows:
1. The same volume of each hydraulic uid was manufactured. 2. The methods involved in manufacturing each additive were assumed to be the same. In other words, the main difference in additive use between the two uids would be in the different additive "treat rates," the total amount of additive added to each base uid. 3. The impact of packaging was excluded from this study. 4. A spillage occurs during the use phase of both products. Although this occurrence should be minimized through careful handling and by following the original equipment manufacturer's and uid supplier's recommendations, it was important to consider the worst-case scenario. 5. The level of performance was not taken into account because eld experience has shown that differences in service life and performance between the two uids are negligible if the original equipment manufacturer's and lubricant supplier's recommendations are followed. 6. Differences in performance level and service life would need to be included, however, if an assessment was done on a hydraulic uid whose base uid was, for example, made up solely of vegetable oil that had a lower oxidative and thermal stability.
Using the approach discussed previously, a sustainability matrix for the two hydraulic uids was calculated and is shown in table 2. The indicator scoring was done through a mixture of quantitative and qualitative interpretation. A great deal of external data were used to provide an initial measure, and the data were checked against in-house data and calculations. The following paragraphs provide an overview of how the scaling was done for selected indicators. In the interest of brevity, only the most interesting indicator interpretations have been included.
Environmental Indicators
The energy consumption per functional unit during the production of a mineral-oil-based uid (45,000 MJ 7 ) is greater than that for a synthetic ester (22,000 MJ) (Vag et al. 2002) . Based on these data, the energy use indicator for the oilbased uid was scaled as 5 and taken as the highest point of the energy use scale. The synthetic ester was scored as 4 because it used less energy for its production. The best-case scenario for this indicator would be a uid made entirely from renewable plant-derived inputs; producing a uid with no energy input is not possible. The CO 2 emissions when extracting petroleum are considerable; in contrast, 100% biobased oils are assumed to be CO 2 neutral. In this case, the oilbased uid received the value of 5, whereas the synthetic was placed at 3 because it still contains a percentage of petroleum-derived material. In terms of impact on water supplies, the biodegradable uid would deplete oxygen levels within a water body if spilled, as it biodegrades rapidly (McManus et al. 1999) . We assumed for this analysis that spillage occurs during the use phase of both uids; however, it is also important to consider that the oil-based uid would be present for a longer period, contains less environmentally benign additives, and may require a more involved cleanup process. For this reason, the oilbased uid is subjectively placed as 5, whereas the synthetic scored 3.
Social Indicators
In terms of the social indicators, the level of risk perceived by society associated with the extraction of oil is high as a result of well-publicized incidents involving onshore and offshore oil drilling platforms. 8 The crops used to produce the synthetic lubricant also have a level of perceived risk associated with them. This is because of issues, such as genetic modi cation, that are characterized by large uncertainty and societal concern. The perceived risk of oil extraction was assessed as being highest at 4. The synthetic lubricant was scored slightly less at 3 because it requires signi cant amounts of land and introduction of crops to provide part of the material for the base uid of the environmentally acceptable hydraulic uid.
Figures given by USDL (2002) show that in 1999, the likelihood of employee injury and illness in the oil and gas industry was 3.5 per 100 full-time workers; by contrast, the gures given for agricultural services indicate a rate of 7.1 per 100 full-time workers. The (relatively) safe levels of working practices in the oil extraction stage means it was scaled as 3. The injuries and illnesses associated with the synthetic uid with its crop-based material were scored as 2. This is because although the rate of accidents is higher, the types of injury were less severe, with reduced chance of fatal or permanent injury.
9
The social indicators have the most signi cant amount of qualitative data used in their assessment. The two product examples in this article present how both qualitative and quantitative data have been used in the assessment process.
Economic Indicators
As a general rule, the market price for hydraulic uids tends to re ect the different base uid costs. Vegetable-oil-based uids cost about twice as much as mineral oil uids, with synthetic ester uids ranging from 4 to 8 times as expensive depending on the quality of the ester and associated uid performance. The synthetic ester- based environmentally acceptable hydraulic uid is scaled as 5 for price of product, whereas the mineral oil is placed as 1 (the vegetable-based would be placed at 3). The difference between the scalings for the products will likely reduce and change dramatically as reserves and acceptability of use of oil diminish. The price of product indicator does not re ect some nonmarket costs and so may not re ect the full social costs of a product.
The effect of stakeholder intervention on the business relates to the damage that can be imposed on a business from falling sales and harm to brand and corporate reputation. An incident during the extraction of raw materials for an oilbased product is likely to be signi cant because it is currently the mainstay of Shell's business. The worst-case scenario would be if an incident led to people refusing to buy any products from the company. Because there is the possibility that this could occur but its likelihood is uncertain, it has been given a 4 because it presents a signi cant, but not de nite, threat. An incident involving the plant-derived inputs would likely have signi cantly less impact on the business. A value of 2 has been given for the synthetic uid because the chance of an incident (for example, involving the product or a contentious issue, such as the use of material from a genetically modi ed organism) could have a negative impact on the business. The best-case scenario for this indicator would be a product with very low risks, for instance 100% plant-derived with high safety and environmental standards in agriculture.
Final Analysis of the Sustainability Assessment Matrix
The sustainability scores are placed within a nal decision table to provide an "at-a-glance" overview of comparative sustainability. Table 3 illustrates the comparison between the sustainability of the environmentally acceptable hydraulic uid with that of a conventional mineraloi l -bas ed p r od uct . T h e t abl e us es t h e sustainability measures given in table 2 that were calculated by subtracting the impacts of the environmentally acceptable hydraulic uid from those of the mineral-oil-based uid. For example, the environmentally acceptable uid can be seen as being 18% more sustainable than the mineraloil-based uid in terms of the environmental impact of the raw materials; however, it is 8% less sustainable than the mineral-oil-based uid in economic terms during the use phase.
The decision table is designed to present information in a format that allows decision makers to make a quick, initial judgment. Time is often limited, and people making decisions need to have a simple interpretation that allows for more detailed investigation if necessary. Shading of the boxes is designed to help focus attention on the areas of concern.
10 The tool is developed for use by the product and technical managers and the marketing department.
One can see from table 3 that the environmentally acceptable hydraulic uid falls mostly within the "up to 20%" bracket (above 10%). It scores higher than the mineral-oil-based uid in most categories, including the (expected) lower environmental impacts throughout the life cycle. In the social and economic impacts of the production phase, there is no difference between the products (0%). This is due to the two lubricants requiring very similar production processes. The environmentally acceptable uid is worse than the mineral-oil-based uid in terms of economic impacts at the use phase (1 8%) because it is more expensive.
By using shading and including percentages, table 3 provides a useful tool for making decisions. The sustainability matrix, augmented by calculations as well as other qualitative and quantitative information, can also be used to provide a greater depth of information if necessary.
A number of LCA studies have been conducted on environmentally acceptable hydraulic uids (Vag et al. 2002; Wightman et al. 1999 ). Those completed have not provided conclusive evidence regarding which product is preferable. On balance, they have found that the environmentally acceptable uid has the lowest environmental effect with regard to both global warming and acidi cation potential. These LCA studies have tended to focus on the global impacts of the uids; however, the impact on the local environment also needs to be considered because this is Note: Up to 20% is not shaded h , up to 10% is light gray m , 0% is medium gray m , and down to 1 10% is the darkest shading m .
the area where the most signi cant environmental bene ts are likely to occur. Although the sustainability assessment tool does not speci cally capture local environmental effects, it is designed to offer greater detail to decision makers by providing a method of including qualitative and quantitative assessment of the environmental, social, and economic issues that are so important to business decisions now and that are likely to be more so in the future.
Discussion of the Sustainability Assessment Tool
This assessment of biolubricants includes a mix of global, local, qualitative, quantitative, environmental, social, and economic impacts. It encompasses a wide range of data categories, but the use of indicator scaling and a streamlined approach allows reduced time and resource use compared to more narrow and detailed studies such as LCAs. Seeking input from the global and product managers helps ensure the tool is designed to meet their needs. By basing indicator selection on a de ned concept of a sustainable product, it provides a focus to their development. The methodology serves as a useful means to use both quantitative and qualitative data effectively. The tool will be tested on a greater range of product types and also assessed by external stakeholders. It will then be used extensively within Shell to make decisions concerning which products to continue to market, or begin marketing, and which to drop from the product portfolio to maintain a sustainable approach to business.
In this application, the environmentally acceptable hydraulic uid provides a real bene t in terms of environmental impact. This is largely due to the bene ts the uid presents at a local scale. In sensitive environments, the local ecological advantage means the environmentally acceptable uid is preferable. The environmental savings at a global scale are less distinct; this was also found in full LCAs carried out by other research organizations (Vag et al. 2002; McManus et al. 1999; Wightman et al. 1999) .
The social bene ts of the environmentally acceptable uid are favorable for the raw materials and use phases, although not signi cantly. The social indicators have included the most qualitative data and so are the most susceptible to subjectivity. They are also the most likely to change over time and depending on the individuals involved.
The in uence of stakeholders on this assessment should not be underestimated. Not all of the indicators are of equal importance to all. For instance, it is assumed that customers are most interested in cost, performance, and convenience, whereas the public would be most concerned about effects on society's health, impact on water, and waste to land ll. This aspect of the tool will be revisited (as mentioned previously) when it has been tested on all product types.
In addition, the importance of sustainability to a stakeholder depends on the individual, although some generalizations can be made about the different levels of environmental concern in different countries. Scandinavian countries, for instance, have a history of stricter environmental legislation and generally greater public concern. Age, sex, occupation, and many other characteristics affect how people perceive the different products, and this in uences the scores given on environmental, social, and economic indicators. This is why it is so important to include all qualitative and quantitative data: to ensure a maxi-mum level of information is used to justify the scalings. This is also the reason why the indicators will need revisiting and perhaps revision over time as people's attitudes and understanding change. This will become more obvious once the tool has been presented for external stakeholder review.
The economic indicators on the use phase of the product are the main area where the environmentally acceptable uid is inferior to the traditional uid. This is due mainly to the price of the product. Some biobased fuels and lubricants have a higher price, and the performance of the product may be inferior. The key concern in using sustainability to add to the attractiveness of a product is establishing the level that customers would accept a less attractive cost-performance relationship in return for sustainability bene ts. The environmentally acceptable uid would appear even less economically sustainable if issues such as research and development (R&D) investment and lower volume sold had been included in the scaling.
Product price is a major concern at present for the consumer when dealing with biobased products because they must be marketed at a higher price. It has been suggested, however, that the current market is operating inef ciently because the environmental and social impacts of products are not fully re ected in product prices, but this topic is beyond the scope of this article. In an attempt to stimulate national markets, initiatives have been introduced to provide nancial assistance for users of biolubricants in the Netherlands (VAMIL scheme: tax break [VAMIL 2003]) and Germany (market introduction program: reimbursement of changeover cost from mineral oil lubricants to biolubricants [Theissen, 2003] ). The relatively modest growth in market share for biolubricants over recent years, however, indicates that more help is needed if market penetration of these products is to succeed. Elsewhere, the drivers are environmental concerns from end users' customers (e.g., the Swedish forestry industry driven by timber customers in Germany [Torback et al. 2002] 
Conclusions
The sustainability assessment tool has provided a useful means for Shell to incorporate environmental, social, and economic concerns into its decision-making process. It highlights that it is possible for companies to begin thinking of their products from quantitative and qualitative perspectives and provides a meaningful measure of SD. The tool has two levels, a quick decisionmaking visual aid to suit the fast pace required by today's managers and the more detailed level to allow for more consideration if necessary. The use of effective indicators is central to the tool, providing exibility and easing the process of monitoring whether an earlier decision still applies. Fundamental to indicator development is an understanding of the trade-offs in satisfying con icting objectives between business and society. Firms are under increasing pressure to evaluate the environmental, social, and economic impacts of their operations and have limited resources to do so. The sustainability matrix method is a useful and exible way for rms to meet their obligation to pursue sustainable business practices.
7. One megajoule (MJ) 4 10 6 joules (J, SI) ' 239 kilocalories (kcal) ' 948 British Thermal Units (BTU). 8. For a more detailed consideration of risk perception, see Loftedt and Frewer (1998) . 9. This is based on personal opinion considering the nature of the work and the type of chemicals to which workers are exposed within the agricultural and petroleum industry. Unfortunately, it is very dif cult to get comparable data on the two industries. 10. When the tool is used, colors are used instead of the shading system. The colors also depict a larger scale from 1 100% to 100%.
